The morphology of watershed is the most intuitive information carrier to reflect regional tectonic activity, surface erosion and morphologic evolution. Active tectonic and fluvial system play a significant role in patterns and characters of regional morphology. Taking twenty-nine tributaries of the upper reaches of the Weihe River as the main study objects, four parameters, such as gully density (GD), basin topography ratio (BTR), roundness ratio (RR), river longitudinal profile fitting exponent (RLPFE), etc., were used to quantitatively analyse the topographic characteristics in this area. To reveal the main cause of the characteristics, the hypsometric integral (HI) were also applied in this area. The results showed that: (1) There is a positive linear function between basin topography ratio (BTR) and mean slope, and the mean values of four indexes in northern channels are smaller than southern channels; (2) The mean HI value is 0.44, indicating that the main topographic characteristics of this area is in maturity, which is in the transitional period of adjustment of the deep erosion and uplift movement; (3) The main cause of this topographic changes is tectonic. These results are consistent with other geological background, and will enrich regional basin morphology research and tectonic activity evaluation, provide important basic data for regional disaster prediction and analysis of soil and water loss.
INTRODUCTION
As the typical loess watershed topography in China, the upper reaches of the Weihe River (URWR) are the result of active tectonics and water erosion (Rao et al., 2014; Cheng et al., 2018) . Its formation, evolution, and relation to other regions have always been concerning in the previous documented studies (Rao et al., 2017; Shi et al., 2018) . The uplift of the structures breaks the landforms developed in the past, and rivers adapt to the deformation by using erosion, indicating that the water system is widening or shrinking the size of the entire basin by eroding the bedrock on both sides. Under the tectonic and erosion, the regional landforms re-reach a relatively balanced steady state (Li, et al., 2012; Wang et al., 2014) . They are the most important agents to change the topography Shi et al., 2018) , and can be used to analyse the characteristics and cause of the watershed topography. The topography not only records the information on the river erosion and tectonic evolution, but also is one of the important factors affecting erosion and sediment yield in watershed areas (Molina et al., 2008; Bywater-Reyes et al., 2017) .
With the development of advanced GIS technology and higher resolution of remote sensing imageries, more and more researchers begin to study the mathematical statistics (Cheng et al., 2011) , fractal (Brakenridge et al., 1988; David et al., 1988; Kusumayudha et al., 2000; Cai et al., 2014) , and quantitative analysis (Shi et al., 2018; Zhang et al., 2019) on the topography of the loess plateau. These methods focused on the topographic relief, soil erosion, landforms evolution, watershed development, and climate changes in topographic. However, the systematic and comprehensive indicators to analyse erosion landforms characteristics and causes in loess plateau are still not explored. Under the interaction of climate, tectonic, and fluvial system, the geomorphological trend of the upper reaches of Weihe River still be worth considering.
In the experiments of this study, based on the SRTM1 data, the tributaries of Weihe River can be selected as the study objects and geomorphologic indexes used to analyse the landforms evolution and characteristics in URWR. In view of these points above, we focus on the main research questions about the topographic characteristics and causes of URWR.
STUDY SITE AND DATA COLLECTIONS

Study site
Weihe River is the largest tributary of Yellow River, China, originated in Weiyuan County, Dingxi City, Gansu Province and had elevation of 3495 m (Li et al., 2012a) . URWR located in the intersection between southwest margin of Ordos block, northern Qinling Orogenic Belt, and southern Liupanshan Mountain Fan et al., 2018) . The topographic characteristics is mainly controlled by active tectonics (Shi et al., 2018; Zhang et al., 2019) . The maximum and minimum elevation of URWR are 3929 and 372 m, respectively. The study area covered thick loess with an average thickness of 100 -200 m (Fan et al., 2016) . As shown in Figure 1a , two longitudinal profiles (AA' and BB') were extracted to analyse the relief based on SWATH tool (Pérez-Peña et al., 2017) . As shown in Figure 1b , the relief changed with the topography. There is no particularly obvious terrain difference in the study area as a whole, but the relief decreases significantly with an elevation ~ 400 -800 m (Figure 1b ) at the intersection of Ordos Block and Liupanshan Mountain (Figure 1a ). The main channel of Weihe River flows from the west to the east, and is parallel to the Weihe fault (WF) (Figure 1a ). However, the tributaries of the two sides are perpendicular to the main channel which the north channels are longer than the south channels. The asymmetric topography gives some evidence of the tectonics, but the main causes of the characteristics of the URWR still worth considering. Figure 1 . Topographic map of the upper reaches of the Weihe River, modified from (Li et al., 2012a; Chen Shi et al., 2018 , Shi et al., 2018 . The SRTM1 data is available at https://earthexplorer.usgs.gov. The relief is extracted by using the SWATH tool (Pérez-Peña et al., 2017)
Data collections
Previous studies have shown that the DEM and remote sensing data can be used in landform evolution and soil erosion (Khan et al., 2012; Rao et al., 2017) . The SRTM1 data is available at https://earthexplorer.usgs.gov, which provides 1 arc sec data with the grid resolution of 30 m. Furthermore, the previous researchers have shown that the SRTM1 data is better than ASTER-GDEM to analyse fluvial landscape development in mountain terrains (Boulton and Stokes, 2018) . Therefore, the STRM1 data were clipped and processed by hydrology tool in ArcGIS 10.2 software to obtain the final DEM data in this study area.
METHODOLOGY
Previous studies have shown that the hydrological analysis can provide some new evidence on the tectonic activities (Rao et al., 2017) , prediction of the probability in extreme hydrological events (Fiorentino et al., 2007) , and soil erosion (Jiang et al., 2017) , etc. Therefore, some new indexes (Li et al., 2017) are proposed to analyse the landforms characteristics in this area.
Gully density (GD)
Gully density is an index representing gully length per unit area, and can reflect the surface fragmentation, the intensity of soil erosion (Jiang et al., 2017) , and the change in vegetation cover and topography (Zhao et al., 2016) . It can be calculated as follows:
where L = the total length of basin gully (km) A = watershed areas (km 2 )
In this experiment, the gully can be replaced by surface runoff path. It is easy to extract the runoff path under the help of hydrology technology and DEM data.
Basin topography ratio (BTR)
This ratio is defined as the ratio of relative height difference between the highest and lowest points in the basin to the maximum horizontal distance parallel to the main river channel (Li et al., 2017) . This index is related to the elevation difference uplifted by the active faults. The main formula is as follows:
where H max = the relative height difference between the highest and lowest points (km) L max = the maximum horizontal distance parallel to the river channel (km)
Roundness ratio (RR)
Roundness ratio represents the shape of the watershed area, which is related to the asymmetric topography and bedrock lithologies (Li et al., 2017) . Previous studies have used the distribution of drainage basin asymmetry classes to analyse the shape of the basins (Li et al., 2012a; Zhang et al., 2019) . Their main results gave some evidence that the basin shape tends to be more circular with continued evolution (Zhang et al., 2019) . Furthermore, the lower the landform development, the slower the topography of the basin, and the greater the RR values (Li et al., 2017) . Therefore, the shape of the basin can be used to investigate the characters of the watershed areas, and the calculation can be shown as follows:
where A b = the area of basin (km 2 ) A c = the area of a circle equal to that of a watershed perimeter (km 2 )
River longitudinal profile fitting exponent (RLPFE)
The river longitudinal profile can provide some information between local channel slope and upstream drainage area (Shi et al., 2018) , and their topographic features changed with the time (Li et ai., 2017) . River longitudinal profile fitting exponent (RLPFE) is the fitting exponent of the river longitudinal profile.
Previous studies have shown that the closer this index is ~ 1, the closer the period of the topography is erosion and adjustment; while the RLPFE is > 1, the topography is stable; and the RLPFE < 1, the topography is in a period of deep erosion (Li et al., 2017) . After extracting the main channels, the RLPFE values can be drawn from the distance from stream outlet and relative elevation difference.
RESULTS
Under the help of ArcGIS 10.2 software and the hydrological tool, twenty-nine tributaries and sub-basins were extracted as shown in Figure 2 . The length of these tributaries ranges from 12.8 to 260.6 km (Table 1) , where the maximum length is Channel N3. The areas of the sub-basins in the north are larger than the south, with a range of 46.6 ~ 10720.7 km 2 (Table 1) . Based on the detailed ways in the Methodology, four indexes for each sub-basin were calculated, as shown in Table 1 . As shown in Figure 3 , the four indexes of each sub-basin were calculated and classed into 5 categories in ArcGIS.
Figure 2. Distribution map of the main channels in URWR
Firstly, the GD values ranges from 0.213 to 0.356, where the maximum and minimum values occurred in N9 and S15, respectively. Even though the northern rivers are longer than southern rivers (Figure 3a) , the GD values of the northern rivers are smaller. From west to east, the GD values tends to be larger, especially in the N11, which located in the intersection of different blocks.
Secondly, there are not much difference on BTR values between different sub-basins (Figure 3b) , with a range of 0.011 -0.161. The southeast rivers with smaller drainage areas have larger BTR values. And the larger the sub-basin areas, the smaller the BTR values. The mean BTR values in these sub-basins is 0.073. As shown in Figure 3b , the largest BTR value located at Mazihe River (S13) in the southern margin, which covering an area of 104.6 km 2 . In these regions, the active faults tend to uplift by the Qinling (Figure 1) . Therefore, the elevation difference is higher than north regions and the river length is shorter. Finally, the RLPFE values were obtained from the twenty-nine channels, ranging from 0.796 ~ 2.367. All the river channels showed a trend of power function (Figure 3d ) and the coefficient of determination R 2 are > 0.9. The eastern rivers have larger RLPFE values than western rivers. The river with the largest length is Huluhe River (N3) and the RLPFE value is 1.076 (Figure 4) , while the river with the smallest length is S15 and the RLPFE value is 1.847. It is worth noting that Qianhe River (N11) is located at the margin of the study area, but the RLPFE value is the largest value (RLPFE = 2.367) (Figure 4) . The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W10, 2020 International Conference on Geomatics in the Big Data Era (ICGBD), 15-17 November 2019, Guilin, Guangxi, China
DISCUSSION
The topographic characteristics represents the result of soil erosion and accumulation, and is a symbol of landform evolution. To compare the relationship between BTR and mean slope for sub-basins, a positive linear function was used and shown in Figure 6 . The coefficient of determination (R 2 ) is 0.50, showing that the larger BTR values, the larger mean slope. As mentioned above, the largest BTR values (BTR = 0.161) is located at River S13, which is in the southeast margin in URWR. In this area, with the eastward compression of the Tibetan Plateau (Li et al., 2012a) , the terrain difference and relief of the North Qinling area has been raised (Figure 1a ), so the areas of the sub-basin in this area are relatively small (with an average area of 142.8 km 2 from S8 to S18). Therefore, the BTR values in the southeast margin of this area is much higher than the other areas. As for the northeast margin in this area, especially N11 (Qianhe River), four northwest trend faults located and had a higher tectonic activity (Figure 1 ) (Li et al., 2012a; Zhang et al., 2019) . However, the BTR value is smaller than the southeast margin, with a BTR value of 0.018 (Table 1) . This area is not only controlled by the compression of Tibetan Plateau, but also the strike-slip characteristics by Ordos Block , especially in the northeast of this area (Figure 1a ). The Ordos block has reduced and weakened the compression from the Qinghai-Tibet Plateau, so BTR value is low even though its elevation is relatively high in this area. All of these have shown that the main topography of this area is mainly controlled by the tectonics, which is similar to the previous documented studies (Shi et al., 2018) . Furthermore, based on the previous studies (Li et al., 2012a; Shi et al., 2018) , there is no obviously change in climate and lithologies. Therefore, the main reason of the topographic in this area is tectonic.
Previous studies have shown that the tectonic activities can be evaluated by the hypsometric integral (HI) (Cheng et al., 2018; Zhang et a., 2019) , and represents the elevation distribution in a basin (Li et al., 2012a) . It is a quantitative indicator to express the development stage of the landforms. Therefore, the HI values were used to analyse the ratio of the uneroded materials to the total materials. Followed by Strahler et al., (1952) , the HI can be calculated as follows and the main results are shown in Table 2 :
In this Area, only four basins (N6, N9, S3, S6) are in infancy, ten basins are in senility (N1, N8, N10, N11, S7, S8, S9, S10, S13, S15), while the rest basins are in maturity ( Table 2) . The minimum HI value is 0.32, where N10, S9 and S13 located, respectively. The mean HI value is 0.44 (Table 2) , showing that the main topographic characteristics of this area is in maturity. The HI value of N13 is 0.34, and the area is in senility.
Comparing with other regions in URWR, the northeast margin, especially in basin N11, is more stable than western margin (Figure 7) . These results are consistent with the previous studies (Li et al., 2012a) and the distribution of elevation (Figure 1a ). However, due to the existence of many faults and the particularity of its geographical location (Figure 1a ), the possibility of disaster induction in basin N11 is still very frequent.
CONCLUSION
Taking twenty-nine main tributaries of the upper reaches of the Weihe River as study objects, the topographic characteristics and causes were analysed by using four indexes (gully density, basin topography ratio, roundness ratio, and river longitudinal profile fitting exponent, respectively). Comparing to the other areas, the hypsometric integral (HI) were also used to describe the period for each sub-basin in this area. Some key findings were derived: (1) There is a positive linear function between basin topography ratio (BTR) and mean slope for each subbasin in this area;
(2) The mean HI value is 0.44, so the main topographic characteristics of this area is in maturity, which is in the transitional period of adjustment of the deep erosion and uplift movement; (3) The main cause of this topographic is tectonic. These results will enrich evaluation on tectonic activity, and provide data for regional disaster prediction, and soil and water loss.
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